Abstract Not only healthy growth but also childhood obesity partly originate from early life. The current work aimed to examine the association of feeding practices during infancy with growth and adiposity indices in preschool children from four European countries and in UK schoolchildren and adolescents. Existing data from four European birth cohorts (ALSPAC-UK, EDEN-France, EuroPrevall-Greece and Generation XXI-Portugal) were used. Anthropometrics and body composition indices were collected. Parallel multivariate regression analyses were performed to examine the research hypothesis. Overall, the analyses showed that breastfeeding and timing of complementary feeding were not consistently associated with height z-score, overweight/obesity, and body fat mass in children or adolescents. However, breastfeeding duration for less than 6 months was associated with lower height z-scores in 5-year-old French children (P < 0.001) but with higher height z-scores in 4-year-old UK children (P = 0.006). Furthermore, introduction of complementary foods earlier than 4 months of age was positively associated with fat mass levels in 5-year-old French children (P = 0.026).
Conclusion: Early feeding practices, i.e., any breastfeeding duration and age of introduction of complementary foods, do not appear to be consistently associated with height z-score, overweight/obesity, and body fat mass in preschool children from four European countries and in UK schoolchildren and adolescents.
Introduction
Not only healthy growth but also overweight and obesity in childhood, adolescence, and adulthood have been reported to have part of their origins in early life [1, 23, 27] . The rise in the prevalence of childhood obesity over the last decades has led to the development of theories that underscore the importance of early life exposures on growth and adiposity indices in later life [9, 18] . Among these exposures, feeding practices during infancy are thought to influence the risk of overweight and obesity later in childhood, partly by affecting early growth patterns [17] .
According to recent studies, rapid infant weight gain, often seen after 4 months of age among formula-fed infants, is associated with increased risk of overweight or obesity later in childhood in developed countries [5, 14, 19] . It has also been proposed that breastfeeding may have a protective effect for overweight and obesity later in life, and this has been reported by several systematic reviews [2, 4, 11, 12, 28] . In a recent systematic review, it was concluded that exclusive breastfeeding for longer than 4 months of age may be associated with slower weight gain in late infancy and that any breastfeeding is protective against overweight and obesity in childhood and adolescence [11] . However, other studies suggest that the duration of breastfeeding is not associated with overweight and/or obesity in childhood or adolescence [8, 13, 24] . Therefore, the available findings about whether duration of breastfeeding is protective or not for the development of overweight and obesity later in life are still inconsistent.
The available findings on the association between the timing of complementary feeding during infancy with growth and adiposity indices in childhood and adolescence are also inconsistent. According to a recent systematic review, although a few studies showed that the introduction of complementary feeding before the age of 4 months increases the risk for obesity, the majority of the studies included in this review reported no effect [25] . Inconsistent findings regarding the effect of the age of introduction of complementary feeding on growth and obesity later in life were also reported by another recent systematic review [22] .
The aim of the present study was to examine the association between early feeding practices, i.e., any breastfeeding duration and age of introduction of complementary foods (using parallel analysis), with growth and adiposity indices, i.e., height z-score, fat mass levels (Bioelectrical Impedance Analysis, BIA; and Dual Energy X-ray Absorptiometry, DXA) and overweight/obesity prevalence in 4-5-year-old children from four European cohorts and in 9-and 13-yearold UK schoolchildren and adolescents.
Materials and methods
The analyses were based on four European birth cohorts: the Avon Longitudinal Study of Parents and Children (ALSPAC) cohort in the UK, the Etude des Déterminants pré et post natals de la santé et du développement de l'ENfant (EDEN) cohort in France, the EuroPrevall cohort in Greece, and the Generation XXI cohort in Portugal. This study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by each institute's ethics committee. Written informed consent was obtained from all subjects.
ALSPAC
ALSPAC is a longitudinal birth cohort study, in which pregnant women resident in a geographically defined area in southwest England with an expected delivery date between April 1991 and December 1992 were recruited. A cohort of 14,541 pregnant women was established, which resulted in 13,988 children alive at 12 months of age. More details can be found on the ALSPAC website (http://www.bristol.ac.uk/ alspac/). Dietary information was collected via parentcompleted food-frequency questionnaires (FFQs) at the ages of 6 and 15 months and 2, 3, 4, 7, 9, and 13 years as part of larger questionnaires that were sent through the mail with a reply envelope. In the current study, we used dietary data collected at 4 years for comparison with the other cohorts and at 9 and 13 years to assess the stability of results throughout childhood. The parent was asked to record how often the child consumed each of the foods Bnowadays.^Breastfeeding duration and age at introduction to various foods was obtained from parents using questionnaires provided to parents when their children were 6 and 15 months. Sociodemographic information and maternal diet (by FFQ) were collected via a questionnaire filled in by the mother during pregnancy. The children were weighed and measured routinely at several time points before 7 years of age. Up to 7000 of the children were examined in standardized research clinics annually from the age of 7 to 13 years. In addition to height and weight measurements, waist/hip/arm circumferences were measured, while BIA and DXA scans at 9 and 13-year-old children were also used to assess body fat mass. These measures have been used in the analyses performed within the current work. Data were available for 6522 4-year-old, 7540 9-year-old, and 6124 13-year-old children.
French EDEN Study
The EDEN mother-child cohort is a longitudinal study that recruited 2002 pregnant women before 24 weeks of amenorrhea (and on average at 15 weeks) in two French university hospitals in Nancy and Poitiers, between February 2003 and January 2006. A questionnaire completed during pregnancy provided data on sociodemographic factors, maternal diet (FFQ), and tobacco use. Birth data were collected from medical records. When the child was 4, 8, and 12 months, mothers completed questionnaires that were mailed to them asking for details on the feeding method of their infants and age of introduction to several food groups. They also completed a 26-item child FFQ at 2 and 3 years. The questionnaire included seven categories of frequencies, ranging from never to more than once a day, and five items specifically related to fruit and vegetable consumption: vegetables or soups, raw vegetables, fresh fruit, fruit purees, and fruit juice. At 5 years, anthropometric variables were measured during a clinical exam (height, weight) and fat mass was assessed with BIA. Analyses on early feeding practices and adiposity were conducted among 1070 children and analyses including data on child's diet on 1055 children.
Portuguese generation XXI birth cohort
Generation XXI is a population-based birth cohort study established in a defined geographic area in the north of Portugal (Porto) by recruiting women in all maternity units between April 2005 and August 2006 [15] . Just before recruitment, these hospitals were responsible for 91.6% of all deliveries in the catchment area. A total of 8647 children and 8495 mothers were enrolled at baseline. Data on demographic and social conditions, lifestyles, medical history, and prenatal care were collected by trained interviewers during the first 24-72 h after delivery. At 15 months of age, information was collected on breastfeeding and complementary feeding (available for a subsample of 1040). At 4 years, children's dietary intakes were assessed via FFQs filled in by parents, covering the previous 6 months. The questionnaire included nine categories of frequencies, ranging from never to >four times/day. Anthropometrics were obtained by trained personnel according to standard procedures, with children in underwear and barefoot. Body weight was measured to the nearest 0.1 kg using a digital scale (TANITA®), and height was measured to the nearest 0.1 cm using a wall stadiometer (SECA®). BIA was performed using a tetra-polar device (BIA 101 Anniversary, Akern, Florence, Italy). The Generation XXI cohort has data for 3387 children, with a subsample of 419 having complete data for the age of introduction of complementary feeding variable as well.
Greek EuroPrevall Study
The Greek EuroPrevall cohort study is a longitudinal study conducted with 1084 newborns between October 2005 and October 2007 in 2 different clinics in Athens. The Greek EuroPrevall cohort data presented in the current study were collected as part of the EuroPrevall project [20] that was funded by the European Union (FP6-FOOD-CT-2005-514000). Standardized questionnaires were used to collect baseline data from each mother regarding her pregnancy, child's birth, dietary intake (focusing mainly on foods related to allergies), and quality of life. Sociodemographic data, such as parental educational level, parental age, occupational status, and family income were collected at birth. Follow-ups, using similar questionnaires, were conducted when children were 12, 24, and 30 months old by telephone. During these interviews, data on breastfeeding and complementary feeding practices were collected. Child's food intake was collected at 24 and 48 months by using a 80-item FFQ covering the past 3 months. The questionnaire included 11 categories of frequencies, ranging from never to more than once a day and 24 items specifically relating to fruit and vegetable consumption. Furthermore, during the 4-year follow-up anthropometric (i.e. weight, height) and body composition (i.e. fat mass levels), assessment measurements were conducted using standard procedures and equipment (i.e. BIA in the case of body composition measures). Complete data were available for 309 4-year-old children.
Anthropometric indices
Body weight and standing height were measured in children using standard equipment and procedures specific to each cohort. Body mass index (BMI) was calculated as the value of weight (kg) over the squared height (m 2 ). The WHO growth standards were used for the calculation of height and BMI zscores. The WHO Anthro software (WHO Anthro for personal computers, version 3. Geneva: World Health Organization; 2009. http://www.who.int/childgrowth/software/en/) was used for this calculation in Europrevall, Generation XXI, and ALSPAC. Finally, the International Obesity Task Force (IOTF) thresholds [3] were used for the categorization of children into overweight and obese using their BMI values.
Body composition indices
BIA measurements were also conducted in all cohorts with equipment and procedures that were site-specific. The resistance and reactance readings from these measurements were used for the estimation of child's fat mass levels based on the equation developed by Schaefer et al. [26] . DXA fat mass measurements were also available but only in the case of ALSPAC for 9-and 13-year-old children.
Early feeding practices
Early feeding practices included breastfeeding duration as well as age of introduction of complementary foods. Breastfeeding included both exclusive and mixed breastfeeding practices (designated as any breastfeeding), and its duration was grouped into five categories, i.e., never, <1, ≥1 to <3, ≥3 to <6, and ≥6 months. Furthermore, the age of introduction of complementary foods was also grouped into five categories, i.e., <4, ≥4 to <5, ≥5 to <6, and ≥6 months. However, in the case of Europrevall, data for the age of introduction of complementary foods variable were not available for the <4-month category, since the common practice in Greece is complementary feeding to be introduced after 5 months of age. Therefore, the age of introduction of complementary foods was grouped into four categories, i.e., <5, ≥5 to <6, and ≥6 months, for the case of Europrevall.
Children's current food habits
Children's fruit and vegetable intake and a score reflecting child's adherence to a healthy diet (Healthy Plate Variety Score-HPVS), which was based on a modified version of the food variety index for toddlers developed by Cox et al. in 1997 [6] , were also used as covariates in the present study.
Statistical analyses
All statistical analyses were run in parallel in each cohort, following the same analysis plan. Associations between early feeding practices and later height z-score and fat mass levels (BIA, DXA) were tested by using linear regressions [beta coefficients and the respective 95% confidence intervals (beta, 95% CI)], while the associations between early feeding practices and overweight/obesity prevalence were tested via logistic regressions [odds ratio and the respective 95% confidence intervals (OR, 95% CI)]. The examined associations were both crude and adjusted for several potential confounders. These confounders included maternal characteristics, i.e., maternal age, educational level and pre-pregnancy BMI, child's characteristics (i.e. gender and birth weight category), fruit and vegetable consumption, and the HPVS.
The parallel analyses conducted in each country for the estimation of the descriptive data and the regression coefficients were performed by using SAS software, version 9.2 (SAS Institute Inc.) in EDEN, STATA/SE (StataCorp) version 10.0 in Generation XXI, SPSS 19.0 and 21.0 in ALSPAC and EuroPrevall, respectively. The level of statistical significance was set at p < 0.05. Table 1 presents some descriptive data on the characteristics of mothers (maternal age and pre-pregnancy BMI) and children (any breastfeeding duration, age of introduction of complementary foods) in the four European cohorts under study as well as the mean (±standard deviation, SD) values of height and BMI z-scores as well as fat mass (assessed with BIA or DXA) data in these cohorts. Figure 1 presents the prevalence of overweight/obesity in all cohorts and age groups as well as differences derived from the comparisons among cohorts with data on 4-year-old children and between age groups within the ALSPAC cohort. Regarding differences among cohorts, the prevalence of overweight/obesity did not differ significantly among 4-year-old children in Greece, Portugal, and the UK. However, for 5-year-old children in France (EDEN study), the prevalence of overweight/obesity was found to be much lower compared to the 4-year-old children from the other three cohorts (7 vs. 20%). Regarding differences within ALSPAC, the prevalence of overweight/obesity was found to be significantly higher in 9-year-old children compared to 4-and 13-year-old children [i.e. 22 vs. 20% (P = 0.0015) and 19.4% (P = 0.0001), respectively].
Results

Descriptive statistics
Multivariate regression analyses
Outcome: height z-score When height was investigated as an outcome (Fig. 2) , 4-yearold children in ALSPAC that were never breastfed and those breastfed between 1 and 3 months of age were found to have higher height z-scores compared to children breastfed for 6 or more months of age (P = 0.006). In contrast, 5-year-old children in EDEN that were never breastfed and those breastfed from 1 to 6 months of age (P = 0.0004) were found to have lower height z-scores compared to children breastfed for 6 or more months. Furthermore, 4-year-old children in Generation XXI to whom complementary foods were introduced after 6 months of age had lower height z-scores than children to whom complementary foods were introduced between 5 and 6 months of age (P = 0.049). No other significant associations were observed, showing that early feeding practices are not consistently related to height z-score in preschool children in the four European cohorts.
Outcome: overweight/obesity prevalence When investigating overweight/obesity prevalence as an outcome (Fig. 3) , 4-and 13-year-old children in ALSPAC that were breastfed between 3 and 6 months of age were less likely to be overweight or obese (P = 0.008 at 4 years and p = 0.031 at 13 years) than those breastfed for longer than 6 months. However, the associations for preschool children observed in the other cohorts were not statistically significant. Multivariate linear regression model adjusted for birth weight category, child's gender, maternal age, maternal educational level, and maternal pre-pregnancy BMI. Furthermore, the analyses presented in Fig. 2a were also adjusted for the age of introduction of complementary feeding (with the exception of the Generation XXI study), and the analyses presented in Fig. 2b were also adjusted for any breastfeeding duration. CI confidence interval
Outcome: fat mass levels When body fat mass was examined as an outcome (Figs. 4 and 5), 13-year-old children in ALSPAC breastfed for less than 1 month had higher body fat mass levels (measured with BIA) compared to children breastfed for more than 6 months (P = 0.030). In contrast, 13-year-old children in ALSPAC that were breastfed from 3 to 6 months Fig. 3 Association between any breastfeeding duration (a) and age of introduction of complementary feeding (b) with overweight/obesity prevalence. Multivariate linear regression model adjusted for birth weight category, child's gender, maternal age, maternal educational level, and maternal pre-pregnancy BMI. Furthermore, the analyses presented in a were also adjusted for the age of introduction of complementary feeding (with the exception of the Generation XXI study), and the analyses presented in b were also adjusted for any breastfeeding duration. CI confidence interval Never Fig. 4 Association between any breastfeeding duration (a) and age of introduction of complementary feeding (b) with fat mass assessed with BIA. Multivariate linear regression model adjusted for birth weight category, child's gender, maternal age, maternal educational level, and maternal pre-pregnancy BMI. Furthermore, the analyses presented in a were also adjusted for the age of introduction of complementary feeding (with the exception of the Generation XXI study) and the analyses presented in b were also adjusted for any breastfeeding duration. CI confidence interval of age were found to have lower body fat mass levels (measured with DXA) compared to their peers that were breastfed for more than 6 months of age (P = 0.025) (Fig. 5) . Lastly, 5-year-old children in EDEN to whom complementary feeding was introduced before 4 months of age were found to have higher fat mass levels compared to their counterparts to whom complementary feeding was introduced between 5 and 6 months of age (P = 0.046). Summarizing these results and also considering the non-significant findings observed in the other cohorts in their majority, these associations showed no effect of early feeding practices on body fat mass (assessed either by BIA or DXA) in preschool children and/or adolescents.
Children's current food habits
Additional adjustments were made for the child's fruit and vegetable intake and the HPVS in the association between early feeding practices and childhood growth and adiposity indices. However, these additional adjustments did not affect the associations previously described (data not shown).
Discussion
Similar to the previous literature [28] , early feeding practices, i.e., any breastfeeding duration and age of introduction of complementary feeding during infancy, were not found to be consistently associated with growth and obesity indices in preschool children in the four European prospective cohorts examined in the current study. These inconsistent findings observed in the current work could possibly be due to the different data collection procedures. Furthermore, differences in genetic predisposition as well as in cultural, sociodemographic, lifestyle, and other aspects among countries produce a complex mosaic of interacting factors that could modify and/or confound the associations observed in the current work between early feeding practices, growth, and adiposity indices [21] . In an attempt to control for the effect of such factors, all multivariate regression models performed in the current work to test the associations of early feeding practices with later growth and adiposity indices were adjusted for a wide range of possible confounders (and/or effect modifiers). Among these possible confounders, child's fruit and vegetable intake and HPVS were also included in the analyses, but the associations between early feeding practices and growth and adiposity indices were not affected. While previous Furthermore, the analyses presented in a were also adjusted for the age of introduction of complementary feeding, and the analyses presented in b were also adjusted for any breastfeeding duration. CI confidence interval findings from the HabEat project have revealed a significant positive association between breastfeeding duration and later consumption of fruit and vegetables in the same four cohorts [7] , based on the current findings, fruit and vegetables consumption does not seem to have a confounding or modifying effect on the associations of child's early feeding practices with growth and obesity in later childhood. Most studies up to date have mainly examined the associations between early feeding practices and obesity in later life but not with growth indices. Regarding breastfeeding, the majority of studies have examined the association of Bever breastfed^(which includes exclusive breastfeeding or mixed feeding, i.e., a mixture of breast milk and formula, during the first year of life) with overweight and obesity in later years and have reported inconsistent findings. In this regard, although several prospective studies included in a recent meta-analysis showed that ever breastfed versus non-breastfed infants had a 15% lower risk of overweight in early childhood [28] , other recent prospective studies and one randomized controlled trial did not confirm this protective effect [8, 13, 24] . With regard to the timing of complementary feeding, most recent relevant reviews conclude that there is no clear association with the later occurrence of obesity in childhood, since most studies have not found any statistically significant association [22, 25, 28] . However, it has been advocated that very early complementary feeding (≤4 months of age) rather than 4-6 months or >6 months may result in increased BMI in childhood [25] , which is consistent with the findings reported by the current work for the Generation XXI study. Similarly, the EDEN study showed a significant association between early complementary feeding with fat mass as this was assessed with BIA.
In addition to the inconsistent findings observed among cohorts in the present study, the absence of statistical significance in the vast majority of the associations between early feeding practices with growth and adiposity indices warrants some further interpretation. One possible reason for the statistically non-significant results could be the low sample sizes that have resulted to lower statistical power (particularly smaller in certain cohorts, e.g., EuroPrevall). In addition to the multifactorial etiology of growth and obesity in childhood, the preschool age of children examined in the current studies (i.e. 4 and 5 years) might provide another such interpretation. More specifically, similar to the current work, most studies failing to report significant associations between early feeding practices and obesity in preschool children were conducted earlier to the adiposity rebound that usually occurs after the age of 5.5 to 6 years [25] . An implication for future research derived from this observation could be the examination of these associations with repeated measures taken prospectively from infancy to adolescence (pre-and post-adiposity rebound), also assessing a wide range of lifestyle, cultural, sociodemographic, and genetic factors.
The current study warrants certain strengths and limitations. Regarding strengths, the prospective design of the four studies included in the current analyses can provide etiological associations which are not possible in crosssectional designs. As far as other strengths are concerned, the current study includes data from different countries in Europe and the analyses were adjusted for several possible confounders available in all four cohorts. Regarding limitations, although the analysis was conducted with similar variables in the four cohorts, still, there were differences in the methodological procedures used to collect the data and perform measurements in each study, thus probably affecting the results of the current work. Furthermore, another limitation could stem from the fact that the same data were not available for all cohorts (e.g. fat mass assessed with BIA was not available for 4 year old children in ALSPAC; fat mass assessed with DXA was only available in 9-and 13-year-old children in ALSPAC). In addition to the above, it should be noted that the cohort of the ALSPAC study was recruited during [1991] [1992] . The limitations mentioned above derive from the fact that the four cohorts were studied for a variety of purposes and not only for testing the hypothesis of the current paper, as is the case in many similar studies. The prevalence of children's overweight was lower in the EDEN study, but this is consistent with low maternal BMI levels (mean BMI = 23.2 kg/m 2 ) [10] observed in the EDEN cohort and the quite low prevalence of overweight reported for French preschool children [16] as compared to their counterparts from other European countries.
In conclusion, the findings of the current work showed that early feeding practices, i.e., any breastfeeding duration and age of introduction of complementary foods, do not appear to be consistently associated with height z-score, overweight/ obesity, and body fat mass in preschool children from four European countries and in UK schoolchildren and adolescents. The numerous and heterogeneous factors having an impact on children's growth and adiposity indices have to be thoroughly recorded and taken into consideration when examining these associations. Therefore, further prospective research is needed to assess these associations of breastfeeding duration and the timing of complementary feeding with growth and adiposity in later childhood and adulthood also controlling for potential confounding factors as indicated by the literature.
